Abstract. This cross-national study examines how the relationship between national eHealth initiatives and health outcomes are contingent on (1) macroeconomic stability; (2) GDP per capita; and (3) institutions. Resource Based View's (RBV) resource complementary perspective and literature on Information Technology and health outcomes are used as the guiding theoretical framework. Publicly available archival data from more than 50 countries are gathered to understand the moderating effect. Health outcomes are measured through Infant Survival Rate (ISR). The results indicated that there is no direct effect of eHealth initiatives on health outcomes; however, eHealth initiatives interact with above three contingencies affecting health outcomes. Macro-economic stability moderated the relationship between eHealth development and health outcomes positively. GDP per capita and institutions moderated the relationship of eHealth development and health outcomes in a negative direction. Implications of the findings for theoretical discourse of the resource complimentary perspective and future research are discussed in this paper.
Introduction
eHealth can be recognized as an essential tool in ensuring a safer, efficient and sustainable healthcare delivery around the world [1] [2] [3] [4] . Use of eHealth will facilitate the provision of a more patient centered care [5] outside the traditional environment which could be a shift of focus from general practitioners office or from hospitals. According to WHO [4] , eHealth is the use of information and communication technologies (ICT) for health. This could be for treating patients, conducting research, educating the healthcare personnel, tracking diseases and monitoring public health. eHealth is a field that has become prominent within the last decade and can be identified as a rapidly growing area. Though electronic health records (EHR) is not eHealth, EHR is the heart of eHealth. eHealth is broader and a larger group of stakeholders could be reached through this technology. eHealth resources will be managed or used by medical staff, patients, government policy makers, researchers, general public etc., dispersed in different geographical locations. Usage of eHealth will be critical in transforming the healthcare sector into a new level. However, most of the Information Technology (IT) applications are developed targeting administrative and financial transactions rather than to support clinical care [3] . Introduction of eHealth tools to healthcare services is enormously challenging due to numerous factors varying from common factors such as limited financial support available to much more serious factors like, lack of a legal framework to protect the privacy of users. Ensuring the privacy of the patients is a major concern in using eHealth in healthcare industry. Lack of adequate measures to ensure the privacy of patients may reduce the acceptability of this new technology, eHealth by many patients. Such a low acceptance by the major stakeholders group (patients) may limit the potential of achieving the expected benefits of eHealth and it may be detrimental. Moreover, IT is likely to cause digital divide where people with IT access will get a better service compared to people who do not have IT access.
While most of the studies that have been carried out at country-level have mainly considered the contribution of IT to economic growth [6] , only a very few countrylevel studies had been carried out to understand the contribution of IT investments on better health outcomes. In reviewing existing literature, we found that findings of prior studies that examined the relationship between IT expenditure and health outcomes have shown mixed results and had merely identified possible negative consequences related to EHR usage [7] . Moreover, these authors have focused on overall IT expenditure of a nation rather than on specific eHealth expenditure or eHealth initiatives. Thus, assessing the relationship between eHealth initiatives and health outcomes can be considered as a key research gap to be answered.
We address this, by using the resource complementary perspective of Teece [8] and propose that the relationship between eHealth development and health outcomes is moderated by national environmental factors, namely, (1) institutional; and (2) economic factors (GDP per capita and macro-economic stability). Though there can be numerous factors affecting eHealth development and health outcomes (quality and safety), we consider that the institutional factors and economic factors are the key factors capable of affecting any development strategy and its outcomes in any country [9] . While GDP and macro-economic stability indicate the availability of financial resources for implementation of eHealth, institutional factors indicate the capability of individuals and legal framework in health care institutions to generate better health outcomes.
Health outcomes will be measured using Infant Survival Rate (ISR), which is a parallel measure to Life Expectancy Rate (LER) more commonly used as the prime indicator of quality of a healthcare system [10] . These complementary assets will be modeled using archival data of 55 countries. These 55 countries were selected based on the fact that data on all the necessary variables for the study were available only for these countries and a number of countries had to be excluded due to nonavailability of data for one or more variables.
RQ: How do a nation's complementary assets (macro-economic stability, GDP per capita and institutions) interact with national eHealth initiatives in predicting its health outcomes?
This paper is organized as follows. Theoretical framework is briefly explained in section (1.1) and descriptions on hypothesis development and research design are dealt with in sections (2) and (3). Sections (4), (5) and (6) deal with analysis and results, discussion and conclusion respectively.
Theoretical Framework
The concept of complementary assets introduced by Teece [8] , describes that for commercializing a new product profitably, a firm needs access to complementary assets (manufacturing and distribution facilities) in a favorable manner [11] .
Complementary assets are resources or capabilities that allow firms to capture the profits associated with a strategy, technology or innovation [12] . Even though, competitors can duplicate and launch the same new product they will not be able to get a competitive advantage if they do not get access to complementary assets possessed by the producer. Based on Resource Based View (RBV) [13] , complementary assets can be categorized into two different areas as resource copresence view and resource channeling view. Resource co-presence view explains that a resource can be considered to be a complementary asset if its presence increases the value or outcome of another resource. This is also known as interaction perspective. Resource channeling view explains that when resources are used in mutually reinforcing manner, complementary assets are formed [14] . Thus, former can be applied into our study to understand why certain countries have better health outcomes compared to some other countries [10] . Complementary assets will be helpful in achieving high health outcomes from IS innovations related to healthcare. Rather than developing and deploying eHealth tools itself, it is important to understand the complementary assets that could provide a better utility. Moderating variables (macro-economic stability, GDP per capita and institutions [6, 15] ) used in this study will be complementary assets that will enhance the relationship between eHealth development and health outcomes. Many studies have been carried out on the impact of IT investment on quality and safety of healthcare system [16] [17] [18] . There had been endorsements from World Health Assembly by passing an eHealth resolution (WHA 58.28) in 2005 for eHealth implementation and development as a means for improving healthcare. Stroetmann and others [18] have found economic benefits of implementing eHealth considering 10 sites in Europe. In reviewing publications on the impact of eHealth on the quality and safety of health care between 1997 and 2010, Black et al. [17] have found only limited evidence indicating achievement of expected benefits and have even found some situations where implementation of eHealth leading to detrimental effects. Particularly, the reviewers have not found sufficient evidence showing improvement in patient outcomes associated with these technologies, though large-scaled projects have been funded and deployed to support eHealth implementations.
It is reported in literature [10] that IT investments influence life expectancy. However, these authors have used the overall IT expenditure for a country as an attribute in their study, rather than considering the ICT expenditure specifically related to healthcare and has identified it as a limitation in carrying out their research. They have identified that the three mechanisms-information integration, workflow coordination and collaborative planning via ICT can influence health outcomes. According to them, adequate investments on these three mechanisms and collective application of them (eHealth) will lead to positive health outcomes.
Hypothesis Development
Better outcomes can be obtained by improving the quality of healthcare system by infusing ICT. It is evident from literature that a more efficient and safer medical service could be provided by using health IT. According to Mithas et al. [10] overall life expectancy of a country can be improved based on the IT expenditure of a country. The authors have identified Information integration, Workflow coordination and Collaborative Planning as the three main areas of IT, which could influence the healthcare sector. Information integration is consolidation of diverse information sources (both semi structured and unstructured data) into structured data (and information). Information integration will allow access to information in 24/7 as and when required for intra and inter hospital activity coordination and management. Thus, better judgments can be made through integration of data from different sources. Workflow coordination is automation of the activities in the care value chain. For example, efficient distribution of drugs avoiding scarcities and endangering patients could be achieved through workflow coordination. Collaborative planning allows effective cooperation between different levels in a hospital.
There is a dearth of published literature on the influence of national environmental factors (moderating variables) on eHealth development and standard of health (Infant Survival Rate, ISR) in a country. Health Standards is a part of Human Development Index (HDI) where life expectancy is used as an indicator for health standards [19] .
Moderating Effect of Macro-economic Stability
Macro-economic stability of a country can be maintained through a low inflation rate with declining budget and trade deficits [15] . The stability of the macro-economic environment is important for success in carrying out eHealth initiatives. With stable macro-economic conditions advanced countries in the world are more likely to implement eHealth effectively as they have done with e-government development [20] . Though, macro-economic stability may not directly affect the overall life expectancy, economically unstable countries over burden with debts may not invest in ICT for healthcare. When the macro-economy of a country is unstable, government would not be able to provide services in an efficient manner [15] . High inflation may lead governments to provide the people with only the essential services even in the health sector rather than attempting on providing them with value added services or preventive care.
Healthcare expenditure is escalating in many countries. In the USA, healthcare expenditure was expected to double between 1998 and 2007. Thus, the governments should be in a position to address the escalating costs. Through eHealth, people can access health services via internet to reduce costs [19] and to improve the survival rate or longevity of life. The following hypothesis was established in identifying the major role played by macro-economic stability of a country in developing and in implementing its IS innovations relevant to healthcare.
H1: The relationship between eHealth development in a country and its Infant Survival Rate is moderated by macro-economic stability. The relationship becomes stronger when the stability of macro economy is high and becomes weaker when macro-economic stability is low.

Moderating Effect of GDP per Capita
GDP per capita is an indication of a country's wellbeing and is used to measure the economic development of a country. It has been noted that healthcare expenditure as well as health concerns increase with a nation's economic development [10, 21] . The introduction and use of eHealth tools will mainly depend on the financial support available. If it is accessible only to those who can pay, the benefits of eHealth will be low for poorer sections of the population in less developed regions, and will only be a burden to the public health systems. In addition, financial constraints will play a major role in ensuring the privacy of patients too, which is a major concern related to eHealth. For example, additional financial support will be required to train healthcare workforce or to deploy sophisticated health information safety measures. It has been found that IT has different impacts depending on whether the particular country is a developing or a developed country. Moreover, it has been identified that higher income leads to increased use of eHealth [19, 22] . Thus low-income groups in poorest countries who are inherently more susceptible to preventable diseases are experiencing the lowest contact with eHealth tools. Having access to eHealth will facilitate access to health information and preventive measures. Mothers will use advice on health nutrition and fitness or on vaccinations to prevent many fatalities of children due to preventable causes. Thus, we postulate that better GDP per capita will allow higher improvement in ISR via access to eHealth.
H2: The relationship between eHealth development in a country and its Infant Survival Rate is moderated by GDP per capita. The relationship becomes stronger when GDP per capita is high and becomes weaker when GDP per capita is low.
Moderating Effect of Institutions
According to the global competitive index, the institutional environment shapes up the framework within which individuals, firms, and governments interact. It also focuses on how societies share the benefits and bear the burden of development strategies. Thus, factors such as intellectual property rights, ethics and corruption, undue influence, government inefficiency and security have been considered in defining the institutional environment [15] . In the usage of ICT in healthcare, it is important to ensure the transparency in handling patient records while maintaining privacy of patients. Thus, it should be possible to maintain good governance and maintain ethical practices followed in healthcare industry relying on eHealth. Many political and policy amendments will be required to integrate the eHealth tools to daily operations of healthcare industry smoothly. Importantly there should be a legal framework to facilitate secure transfer of information between various stakeholders even across different geographical boundaries. The transfer of information could be varying from communication between the physician and the patient to sharing of research findings. Organization for Economic Co-operation and Development (OECD) has highlighted in its 2010 report, the importance of having a new legal framework for sharing medical information to improve the efficiency in healthcare service. They have identified this as a challenge even in world's most advanced countries.
We can hypothesize, that when there is better structure of institution, higher benefits of eHealth can be achieved to increase the ISR.
H3: The relationship between eHealth development in a country and its Infant Survival Rate is moderated by institutions. The relationship becomes stronger when the quality of institutions is high and becomes weaker when quality of institutions is low.
Control Variables
Four control variables (excluding theoretical constructs of concern) that could explain the variance of dependent variable (ISR) are considered. Firstly, we control number of hospital beds per 10,000 of the population as it is an indicator of quality of healthcare infrastructure of a country [10] . According to World Health Statistics by WHO, number of hospital beds are composed of beds available in public, private, general and specialized hospitals. Secondly, as a proxy for healthcare service, we controlled physician density and nurse and midwife personnel density. These values are taken from the World Health Statistics Report 2010 of WHO. It is the amount of health workforce per 10,000 population [10] . In addition, effect of ICT infrastructure is controlled and the index is computed considering number of PCs, Internet users, main telephone lines, mobile phones and broadband users per 100 people. The data are obtained from UN e-Government Survey Report 2008.
Research Design
A cross sectional analysis of 55 countries (See Appendix) is used for testing the hypothesis. 2011 is used as the base year (for dependent variable) and values for all the other constructs are captured in previous years [10] . Archived (retrospective) data are used as it is impossible to collect primary data within the available resource constraints and also because archived data will allow reproducibility with ease and are generalizable [23] . In addition common method bias could be avoided as data are gathered from different sources [24] . The main data sources are ( [4] . These reports are considered to be reliable sources and many authors have used these data in their research. For example, Digital Planet Report is used by Mithas et al. [10] and Bankole et al. [28] to study the impact of IT expenditure on quality of healthcare system of a country (using WHO statistics). In addition, Global Competitiveness Report and e-Government Survey Report are used by many researchers to apply into various areas [20, 29, 30] . These data collecting organizations follow rigorous procedures to maintain the reliability and validity of these data. To ensure quality of these data, for example, (1) data are collected only from CEOs or equivalent high ranked officials; (2) respondents can answer in their preferred language; (3) administration of survey is done in several modes (face-to-face, telephone and online interviews or surveys); and (4) a careful editing of data is performed before aggregating to get country-level data [15] .
Operationalization of Constructs
Many previous studies [10, 31] used LER, to measure the quality of healthcare systems. However, as suggested by Bankole et al. [28] , LER will be more useful in considering the impact over a long term. To evaluate the impact of eHealth on LER, it may require a longer period to be considered. However, the impact of eHealth on Infant Mortality Rate (IMR), a parallel measure to LER can be detected in a shorter period of time compared to LER. LER is the average number of years of life remaining at a given age. According to World Population datasheet, LER at birth (most commonly used) is "the average number of years a newborn is expected to live under current mortality levels". IMR is the number of infant deaths per 1000 live births. ISR is computed by subtracting IMR from 1000 (ISR=1000-IMR). IMR values are obtained from the WHO World Health Statistics 2011.
As an index for eHealth is not available in published literature, a new construct is developed using (1) ICT expenditure on healthcare (for computer hardware, software and services) by a country for 2008 (data obtained from Digital Planet 2008); (2) whether eHealth policy is implemented; and (3) whether ICT capability is provided to healthcare personnel and students (related to healthcare). The data for latter two items are obtained from WHO ATLAS country profiles developed based on Global eHealth Survey Results 2009. The new index is used to indicate the level of eHealth development in a country. This measure is developed based on methods used in the development of similar measures like e-Business development (whether of businesses use internet for buying and selling goods) [32] .
Macro-economic stability index is taken from WEF Global competitiveness report 2008-2009[15] . This is composed of (1) government surplus/ deficit; (2) national savings rate; (3) inflation; (4) interest rate spread; and (5) government debt. GDP per capita is also adopted from Global competitiveness report [2008] [2009] . GDP per capita will be used to represent the economic prosperity of a country. Similarly, Institutions index is obtained from the same report mentioned above and it is developed using (1) intellectual property rights; (2) ethics and corruption; (3) undue influence; (4) government inefficiency; and (5) security. These three indices had been used in past studies to understand the e-government development [20] .
4
Analysis and Results
Descriptive Statistics
It is evident from Table 1 , that most correlations among variables are significant at p<0.001. The correlation among independent and moderating variables are less than the threshold value of 0.8 [33, 34] except for between institutions and ICT infrastructure (r=0.82). Although this indicates a potential for multi-collinearity, our use of a robust method of moderated multiple regression to test the hypotheses generally ease any undue influences [35, 36] . In addition, since these variables measure different parameters and are used as standard measures (used as two distinct pillars in computing the global competitive index) of WEF global competitiveness report [15] , the high correlations may not gravely impinge on the results. Nevertheless, we performed the diagnostic statistical collinearity tests to measure variance inflation factor (VIF). VIF is used to evaluate the impact the other independent and moderating variables have on the standard error of a regression coefficient [19, 35] . If VIF is below 10, then it can be considered as an absence of serious multi-collinearity issue. The variable ICT infrastructure is having a VIF of 5.2, thus, it is not removed as it is below the threshold value of 10. All the other variables show VIF values less than 5 indicating non-existence of multi-collinearity. 
Hypothesis Testing
Moderated multiple regression [37, 38] , an established method is used in many studies to test interaction effect. As per Frazier and others [37] , continuously measured predictor and moderator variables involved in the regression equations are standardized (Z-scoring). Since independent variables and moderator variables are highly correlated with the interaction term, centering or standardization will reduce the multi-collinearity problem [39, 40] . Moreover, z-scoring makes it easy to compute with available standard packages, to plot significant moderation effects and also to interpret the effect of interaction effects [40] . Hierarchical multiple regression equation is structured in such a way that variables are entered into the model in series of steps as presented in Table 2 . Firstly control variables, secondly predictor variables and the moderator variables (coded or standardized variables) and thirdly the product terms are entered into the equation. All the individual variables used to create interaction terms should be included in the model before the interaction terms [37] . Furthermore, it is important that all the interaction terms are entered simultaneously, thus, their effects can be assessed at the presence of other interactions [38, 39] . R 2 value of 0.71 and adjusted R 2 value of 0.635 (F=9.554, p<0.001) indicates that the overall model is useful in explaining the variance in ISR. The change in R 2 value between step 2 and 3 as shown in Table 2 , is 0.112 (F=5.525, p<0.01). Thus, it is possible to interpret the outcome in testing the moderation effects. Though, there is no direct effect of eHealth development on ISR, it can be noted that there is significant moderating effect and eHealth development interact with moderator variables to affect ISR. The relationship between eHealth development and ISR is contingent on macro-economic stability (β=0.337, p<0.05) and the direction of interaction pattern for eHealth development and standard of health is consistent with the initial prediction. Thus, H1 is supported. The relationship between eHealth development and ISR is contingent on GDP per capita (β=-0.418, p<0.01). However, the direction of interaction pattern for eHealth development and ISR is contrary to our prediction. Hence, we can conclude that H2 is not supported. Then the relationship between eHealth development and ISR is contingent on institutions (β=-0.386, p<0.01) in the negative direction indicating that H3 is not supported.
We did plot interaction effects (Figure 1-3) to determine whether the interactions (that are significant) confirm to the proposed direction of interactions as we hypothesized. Moreover, a slope analysis is performed to evaluate whether the gradient differs from zero [37, 38, 40] . Figure 1 presents the disordinal (crossover) interaction of macro-economic stability on the relationship between ISR and eHealth development. When a simple slope analysis is performed on the effect of macroeconomic stability on the relationship of ISR with eHealth development, it revealed that when the macro-economic stability is high the relationship of ISR and eHealth development was positive and significant (t=13.46, p<0.001). When the macroeconomic stability is low, the relationship is negative and significant (t=-19.81, p<0.001).
Table 2. Regression results
Moderated Multiple Regression Steps
Step 1
Step 2
Step 3 Figure 2 shows the disordinal interaction of GDP per capita on the relationship between ISR and eHealth development. When a simple slope analysis is performed on the effect of GDP per capita on the relationship of ISR with eHealth development, it revealed that when the GDP per capita is high the relationship of ISR and eHealth development was negative and significant (t=-3.02, p<0.01). However, when the GDP per capita is low, the relationship was positive and non-significant (t=0.89, n.s.). Interestingly, this indicates that the positive relationship of interaction of GDP per capita and eHealth development on ISR occurs only at low GDP per capita. This finding will be discussed in detail in the next section. 
Discussion
Through this research it was expected to understand and assess the environmental factors that affect the relationship between eHealth development and standard of health (ISR). Through the analysis carried out using country-level data, it is identified that macro-economic stability plays a significant role in improving ISR in the presence of eHealth. That is, if the macro-economy is not stable, a country will not be able to achieve high health standards through eHealth development. Thus, the expected benefits from eHealth may not be achieved unless there is macro-economic stability in a country. However, eHealth development may not affect ISR, at higher levels of institutions (moderated in negative direction). Firstly, having a high level of institutional framework, may burden the deplorers and users and thus, they may not be willing to follow on a cumbersome process and may even reject it. Secondly, this may be possibly due to the maintenance of many eHealth informative websites without any legitimate responsibility to the content provided. Thus, even if there is a high level of institutional framework, a lack of assurance on the validity of content may reduce user confidence in such websites and hence their acceptance. Another fact is that though, many countries have introduced eHealth policies, very few countries (even among advanced nations) such as Singapore and UK [4] have implemented the eHealth policy fully. As such, in most of these countries, the true benefits may not be possible to achieve until a sound legal framework is created. For example, privacy and ethical issues in handling patient data may have not been completely answered, and such partial implementation could be detrimental rather than non-implementation of policies. Further, it has been found that even though there are effective policies, it is important to improve the perception of healthcare workforce if the expected 
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High Institutions Low Institutions benefits are to be achieved. For example, a medical practitioner may alter the concerns on privacy, depending on where they are working (private or government hospital) [4] . According to this analysis, eHealth development may not affect ISR, at higher levels of GDP per capita. The negatively moderated relationship shown may be due to several probable reasons. Though GDP per capita indicates the economic growth of a country, the benefits of the development may not have reached the common public uniformly. As noted in legal frameworks for eHealth by WHO [4] , even though a country is highly developed, still there will be a majority who will not have access to eHealth tools. The tools may not reach the people who really need them and will only be used by a certain class of people in the society (digital divide). The public who do not have access to IT, could suffer from poor healthcare access [10] . Also, it is found that developed countries tend to be less confident in the healthcare system, thus less confidence in eHealth systems. Thus, investing more in ICT for healthcare may not attract public to eHealth, unless the public confidence on the system is simultaneously improved [19] and a uniform accessibility to the public is created.
Conclusion
Limitations
Use of secondary data obtained from various sources can be considered as a limitation in carrying out this research. However, it is not feasible to collect primary data from more than 50 countries considering the budgetary and human resource constraints. Since these data used are collected from some reputable organizations such as WHO, WEF, UN it can be ensured that these data are collected using stringent measures and statistical methods have been used to ensure the validity and reliability of these data. Moreover, several researchers had used similar data for their studies [10, 20] . In this study we considered only ISR as an indicator for standard of health. Thus, to obtain more generalized and robust results, it would be better to take some other health outcomes too for consideration. Also, in the self-developed measure, rather than identifying whether there is an eHealth policy or not it would have been better if the level of implementation was known. However, such data are available only for some countries and even those are indicating only whether partially or fully implemented.
We considered only the countries having data for all the predictors and moderator variables. Thus, we could only consider 55 countries in this cross sectional study. For example, many African countries had to be removed from the consideration due to this reason. In this study, we have used 4 independent variables including the moderators. Therefore, the sample size of 40 is adequate to capture fairly small R 2 values at a significant level of 0.05 [35] . Despite these three limitations, the findings are useful in assessing the moderating effect of environment factors on the relationship of eHealth development and health standard.
Implications and Future Research
As theoretical contribution of this study, we can identify; (1) Contribution made to theoretical discourse of RBV's resource complementary perspective. In previous studies, it is considered that IS innovation and deployment have direct effect on outcomes. However, our study maintains that having a specific resource can improve the outcome rather than having only the predictors (application of IS). (2) Contribution made to the knowledge base of IT-healthcare standard in assessing the influence of environmental factors in national level on the relationship between eHealth development and health outcomes (ISR).
As practical contribution, this study assists practitioners, policy makers and administrators to understand the reasons for various levels of health outcomes and use these findings in development of policy and in management of complementary assets. Getting negative interaction effects indicate that administrators should pay more attention on these complementary resources and should learn from the mistakes made before.
The findings of our research have implications for future research. First, while we show that macro-economic stability, GDP per capita and institutions have interaction effect on eHealth development and ISR, new complementary assets could be introduced to the model. For example, moderation effect of technological readiness and technological innovation can be examined. Second, panel dataset could be used to examine the effect of leads and lags between predictors, moderators and dependent variables. Third, rather than using only ISR to measure the health outcome, new combined measures could be introduced. Specially, since many developed nations are having a high ISR, a new measure could be introduced to indicate national health outcomes. Finally, self-developed eHealth development measure can be further improved by including more items to capture relevant data. However, there should be more complete national eHealth data to achieve that.
In conclusion, this study provides a new perspective to the relationship between eHealth development and national health outcomes by introducing complementary assets, namely, macro-economic stability, GDP per capita and institutions. Through this study, we found the moderating effect of environmental factors on the relationship between eHealth development and national health outcomes. This will be helpful to understand how IS innovations should be managed and to understand the influence of IS innovations in healthcare on health outcomes (ISR) in reference to complementary assets.
